Socio-economic, commercial and political factors in river recovery and restoration: has ecology taken a back seat? by Terry E.L. Langford & Peter J Shaw
Freshwater Reviews (2014) 7, pp. 121-138
© Freshwater Biological Association 2014
DOI: 10.1608/FRJ-7.2.787
121
Opinion
Socio-economic, commercial and political factors in river 
recovery and restoration: has ecology taken a back seat? 
Terrence E.L. Langford* and Peter J. Shaw
Centre for Environmental Sciences, Faculty of Engineering and the Environment, University of Southampton, Highfield, Southampton 
SO17 1BJ, UK.  *Email:tel2@soton.ac.uk
*Corresponding author
Received 26 August 2014; accepted 3 October 2014; published 19 December 2014
Abstract
‘The history of streams and rivers is as much a social and technological history as it is a scientific one.’  
(Petts, 2001)
‘Too often, imperfect analyses combine with conflicting socio-economic interests and politics to limit 
rehabilitation success.’  (Booth et al., 2004)
‘Restoring the river costs money, lots of it.  Critics argue that we can’t afford to restore a river for 
a few endangered fish or birds.’  Public statement about the Missouri restoration work, quoted by 
Marain Maas in a lecture to the Water Protection Network, 18–20 March 2012.
In industrialised countries over the last sixty years a combination of new laws, technological advances, 
scientific developments, commercial and economical changes, and public and political opinion has 
resulted in the chemical and ecological recovery of many rivers that have been polluted over centuries.  
Improvements to water quality have been directly and positively linked – through both experimentation 
and the long-term monitoring of chemical and ecological conditions – to ecological enhancement, usually 
measured in terms of taxon richness or community diversity and expressed as readily interpretable indices.
Ecological enhancement has often been used as the major reasoning behind efforts to restore rivers to 
their natural hydro-geomorphic (geographical, geological and hydrological) condition, based on the 
hypothesis that increasing hydro-geomorphic diversity in river catchments and floodplains will in 
turn increase the natural diversity of living organisms.  However, direct studies and metadata analyses 
demonstrate that any relationship between physical restoration and ecological indicators is at best 
uncertain and at worst neither quantified nor readily quantifiable, and even the physical results of such 
restoration projects have not always met expectations, with many schemes failing for various reasons. 
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virtually impossible and even predicting the natural state 
of any one river system highly a highly improbable task 
(e.g. Wissmar & Bisson, 2003). Yet, most definitions of river 
restoration or recovery include some reference to restoring 
to or toward the natural state (e.g. Gore, 1985; Gore & 
Shields, 1995). The Nile was first dammed, had controlled 
flooding and was diverted for agricultural purposes three 
millennia before the Christian era (Hammerton, 1972), and 
river engineering was used in several ancient civilisations 
including China and Persia (Jansen, 1980).  Dams were 
originally constructed for controlling floods, providing 
water supplies and driving mills but in the late 19th 
century they were built to provide hydro-electric power 
in countries with rapidly developing industries (Pearce, 
2006; Langford, 2008).  By the late 20th century most of the 
world’s rivers and streams had been heavily modified and 
many of the original characteristics destroyed.
Historically the physical degradation of rivers began 
in parallel with chemical pollution.  Pollution from 
developing cites is documented over several thousand 
No time like the present
Rivers and stream channels have been dredged, deepened, 
widened, straightened, re-graded, impounded for various 
purposes, used for abstraction and waste disposal, 
and exploited for food throughout recorded history 
(e.g. Hellawell, 1986; Haslam, 1991). Even without the 
influence of human populations, natural phenomena 
such as landslides, log-jams and beaver activity create 
impoundments, very large herds of animals congregating 
at drinking locations deposit tons of faeces and urine 
to create organically polluted reaches, and inorganic 
effluents from natural thermal, sulphurous springs, 
natural oil seepages, iron-rich seepages and radio-active 
springs simulate industrial discharges, though on a 
relatively small scale. River canyons simulate conditions 
in artificial channels and the dewatering and re-wetting 
of anastomosed channels can simulate hydrological and 
ecological effects of abstraction, drought and recharge. 
Such diversity renders a generic definition of a natural river 
In this article we propose that it is not the potential improvements to the ecology or the physical 
characteristics of the rivers (hydromorphology) that has been of primary importance when deciding 
to carry out restoration projects; instead it is a drive by the global finance industry to deliver flood 
alleviation schemes and thus save huge compensation payments, and political expediency where 
public opinion has reacted strongly against flooding.  Evidence includes the continued planning of 
such projects under the guise of ecological improvements, even in the light of the clear physical and 
ecological failures of many completed river restorations.  Since the success or failure of such proposals 
is measured often by public attitudes and subjective opinions, ecological consequences are often 
not measured.  However, advances in science and the involvement of ecologists with distinguished 
careers and high integrity may have provided scientific gravitas to facilitate acceptance of the plans.
We also explore some of the unintended commercial and social consequences of pollution 
controls in the UK during the 1960s, including accelerated industrial emigration, which in 
turn had significant and predictable repercussions in developing countries such as China 
and India.  The effects these consequences will have on future restorations and pollution 
controls are considered, as well as potential international social, political, commercial 
and economic requirements particularly in newer and future industrialised countries.
Keywords: river restoration; ecological recovery; monitoring; political, economic, commercial drivers and 
repercussions.
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years (Klein, 1957; Hynes, 1960; Hellawell, 1986), and 
was clearly a result of commercial, social and economic 
imperatives (Hynes, 1960; Hellawell, 1986; Haslam, 
1991); however, it was the move from a dependency on 
agriculture to the new urbanisations, with their dense 
human populations, large-scale industrial developments 
and highly polluting factories that caused ecologically 
destructive levels of pollution in rivers (Hynes, 
1960; Lester, 1975; Hellawell, 1986; Haslam, 1991). 
Britain is recognised as being the first truly industrialised 
country (Lane, 1978) though the US and several European 
countries followed closely.  As a result, by the turn of the 
19th and 20th century, many rivers and streams in the most 
urban and industrialised regions of Europe, the US and the 
UK had been so polluted, built-on and physically altered 
by human activities that they were foul, foetid and fishless 
and virtually devoid of invertebrates for many kilometres 
(Bartow, 1913 (Illinois State Water Survey, 1912); Hawkes, 
1957; Hynes, 1960; Wohl, 1983; Haslam, 1991; Sheail, 1998; 
Humphries & Winemiller, 2009), and many had had all of 
the original hydro-geomorphic characteristics destroyed.
The changing times
Legal limits to river pollution were introduced in the UK 
after the mid-19th century when it was proved that diseases 
such as typhus and cholera were directly associated with 
the polluted water supplies, aquifers and the foul state of 
rivers such as the Thames in London (Wohl, 1983).  These 
limitations coincided with the reduction in demand for war 
materials, which were made by highly polluting industries, 
protests by militant anglers and members of the public, and 
manufacturers demanding large amounts of clean water 
for their industrial processes (while resisting stringent 
pollution controls), and resulted in marked improvements 
in the quality of surface waters in the UK during the 1950s 
and 60s (Lester 1975; Langford et al., 2010).  However, it 
is worth noting that the limits on discharge control were 
often qualified within the law, to prevent the restrictions 
from affecting the operations and economics of the factory 
or installation (Spicer, 1950).  Thus factories could continue 
to discharge effluents with little treatment (Sheail, 1998). 
Commerce was paramount. 
In 1961 the Rivers Prevention of Pollution Act 
demanded retrospective controls on effluents and, 
following subsequent legislation, there was less leeway 
for any relaxation of the limits of discharge, although 
residual sediments, urban run-off, and intermittent 
chemical spills can still cause ecological problems 
(Amisah & Cowx, 2000; Beavan et al., 2001).  In the US 
the Clean Water Act (1972) began a new era of legislation, 
strengthened by subsequent law.  There is, however, 
evidence to support the fact that prior to the Rivers 
Prevention of Pollution Act improvements in water quality 
and ecology had already begun in rivers in the UK such 
as the grossly polluted River Tame (Fig. 1), although 
these improvements were probably more related to the 
beginnings of recession, industrial decline and migration, 
and changes from coal gas manufacture to natural gas than 
to legal constraints.  Changes to the infrastructure such as 
provision of a new main sewer may also have contributed 
to the river’s improvement, whereas the building of 
purification lakes produced only minor changes (Fig. 1). 
Through subsequent legislation, controls on pollution 
have been amended and improved in the UK and Europe, 
so that now there are few permanently grossly polluted 
rivers.  In turn the improvements in water quality have 
also resulted in major ecosystem recovery such that 
there are now very few fishless reaches of rivers in the 
UK, the US and Europe.  Other factors in the recovery of 
many rivers in Britain and other industrialised countries 
included the closure of a number of large industries, 
including the highly polluting heavy industries such as 
iron and steel production and chemical manufacture, 
and their emigration to the Far East, particularly China 
and India where industrialisation was developing.  The 
lax environmental controls in these new urban-industrial 
societies, combined with tighter controls on air and water 
pollution in the UK, had unexpected commercially-based 
consequences in the UK and Europe, as well as predictable 
environmental impact overseas (Langford et al., 2009, 
2012a).  In the same era, many of the UK’s coal mines were 
closed, which resulted in a reduction in mine drainage 
124
DOI: 10.1608/FRJ-7.2.787
Langford, T.E.L. & Shaw, P.J.
© Freshwater Biological Association 2014
and coal washing.  Since the 1950s industrial relocation 
and massive increases in production have had major 
repercussions in newly developed countries, particularly 
China where both air and water pollution appear to be 
similar to those in the UK 1950s; though environmental 
controls may be strengthening (Dudgeon, 2005).
At present, the law controlling river pollution in the 
UK and Europe is enshrined in the European Water 
Framework Directive (EUWFD) (European Parliament & 
Council, 2000), which sets very poorly-defined chemical, 
hydro-geomorphic and ecological targets for rivers.  In the 
legislation are clauses included purely for international 
political, commercial and economic reasons, based on the 
‘level playing field’ concept which allows more leeway 
for polluters or for legal challenges for EU countries 
that still have severe pollution problems – something 
that may prove to be a retrograde step for the UK. 
Requirements for daughter directives are set out in 
the EUWFD, dealing with specific substances or effluents 
and habitats, but the five categories of ecological status 
from ‘high’ to ‘bad’, although based on specific river 
typologies, are not precisely defined and are open to 
challenge and interpretation.  For example, the reference 
condition ‘high’ implies little or no human interference, 
while ‘moderate’ is defined as a moderate deviation from 
high.  There appears to be vast scope for legal argument 
and potential exemptions, and although ecology is 
clearly given priority in a general sense in the EUWFD, 
parameters such as ‘good ecological status’ are poorly 
defined, and the category of ‘good ecological potential’ 
accepts some degree of hydro-geomorphic damage in 
heavily modified rivers.  Furthermore, the monetary 
value of providing ‘good status’ is also being explored, 
with a view to charging communities for the privilege 
of having clean, restored streams and rivers (Hanley 
et al., 2006).  The legal predecessors of the EUWFD 
deployed in the UK were orientated around much specific 
standards for measurable data, for instance based on 90th 
percentile levels of dissolved oxygen saturation, and river 
waters were hitherto classified good, moderate or bad. 
Fig. 1.  Long-term reductions in the ammonia (as N) concentrations and taxon richness (Ntaxa) measured in the River Tame, West Midlands, 
England, in relation to legal and technological events, 1932–2001 (redrawn after Langford et al., 2010).
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Definitions and processes of 
ecological restoration and recovery
There have been many definitions of river restoration (see 
Langford & Frissell, 2009 for references), mostly inferring 
some intervention that returns the river ecosystem to a 
former state, though this state is rarely described in detail 
and, as we have noted previously, is extremely difficult to 
define.  Indeed, Dufour & Piegay (2009) suggest that as 
the natural state is so difficult to define, the focus should 
be on future objectives, not the past.  Langford & Frissell 
(2009) proposed a generic definition of: ‘River restoration 
is the use of a disturbance to alter the effects of a previous 
disturbance and is superimposed on it.’ In view of the 
increasing complexities of concepts and objectives, as 
we describe later, a better and more accurate definition 
could be: ‘river restoration in any one location is what the 
proponents say it is and requires no further definition or 
explanation.’  There are also many definitions of pollution. 
We define pollution as ‘physical, chemical or biological 
alterations to the water in a water body or groundwater 
caused directly by human activities or sources external 
to the main water body and superimposed on the 
natural physical, chemical and biological regime’.  There 
are, however, no definitions of pollution recovery as 
it is accepted that reducing pollution will increase the 
ecological quality of the water, as a matter of course.
Whatever the definition, the process of ecological 
recovery from pollution, restoration or chemical change 
involves re-colonisation, succession and stabilisation 
over varying periods of time, with organisms being 
distributed actively or passively from a healthy area to 
the modified area, by either downstream displacement 
and upstream migration, or by aerial migration between 
isolated watersheds (Hynes, 1970; Milner, 1996; Masters et 
al., 2007). Recovery from pollution may be regarded as a 
disturbance and can create adverse conditions for species. 
For example,  many polluted rivers contained colonies 
of species with limited diversities, such as oligochaetes 
(aquatic worms) for more than 50 years (Hawkes, 1957), 
and once the chemical composition of the water had been 
altered the subsequent changes created adverse conditions 
for these species, thus reducing the pollution fauna while 
in turn creating favourable conditions for different species 
to colonise.  Similarly, altering the physical characteristics 
of a river and its banks can create conflicts for the 
established fauna.  For example, removing dams can 
destroy species that thrive in still water, while providing 
a habitat for species that dwell in fast-flowing water. 
The sediments released from dam removal can smother 
substrates, macrophytes, fish and invertebrates that live 
downstream, and removing trees from river banks can 
alter the temperature conditions, making the environment 
unsuitable for species such as salmonids (Broadmeadow 
et al., 2011), again causing significant damage to the 
established ecosystems. Langford et al. (2012b) also 
showed that woody debris, often claimed as a key factor 
in river restoration, may create conditions that may be 
adverse for some fish species, whislt favouring others.
Many projects aimed to restore conditions for a few 
or even a single species, usually to the detriment of other, 
non-target species in the habitat; this ignores the basic 
ecological concepts of habitat selection and partitioning 
(see Langford & Frissell, 2009), as well as some of the 
well-established and pertinent theoretical frameworks 
that underpin our understanding of relationships 
between organisms and habitats (Southwood, 1977).
It is safe to conclude at this stage that some expectations 
of ecosystem recovery after physical restoration – often 
known as the ‘field of dreams’ approach – were too 
optimistic and mostly based on poor understanding of 
ecological and geomorphic theory and the processes of 
ecosystem recovery (Ormerod, 2004; Giller, 2005; Palmer 
et al., 2009).  However, given the lack of quantifiable 
relationships between some ecological metrics and 
geomorphological modifications, and until a more 
quantitative or qualitative method is developed for 
planning restoration, the field of dreams approach may 
be the best predictive concept and working model. 
Models developed at reach scale may be easier to develop 
than those at larger scales such as river and catchment. 
Ecological surveys can, of course, provide the best indicator 
of successful ecological restoration by comparing the 
diversity of species in restored reaches with those regarded 
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as more natural and/or reaches regarded as degraded, 
though pre-restoration data would be preferable.  Such 
surveys have to underpin and enhance predictive models 
relating physical modifications to ecological outcomes. 
The two major requirements for the re-colonisation 
of a newly physically restored reach with suitable 
conditions are the availability of potential colonisers and 
their mobility.  The majority of species colonising a reach 
originate within the connected rivers and streams in the 
catchment and the fastest re-colonisation is by downstream 
drift (Hynes, 1970; Williams & Hynes, 1976), so knowledge 
of upstream communities will make re-colonisation 
relatively easy to predict.  Early colonisation can occur 
from adjacent streams even in new channels (Milner, 1996; 
Masters et al., 2007; Sunderman et al., 2011), though it is 
generally limited to flying insects.  Upstream colonisation 
by fish and flying insects can also be rapid, but upstream 
colonisation by fully aquatic invertebrates is generally 
slower.  Thus, for rapid colonisation to occur after physical 
modification or pollution reduction there needs to be 
diverse and mobile fauna upstream, or in tributaries of the 
reach.  Where pollution or other factors limit the upstream 
fauna, re-colonisation can be slow (Langford et al., 2009).
Measure for measure: the 
monitoring anomaly
Chemical and ecological improvements in rivers have 
been monitored for over 100 years; however, the ecological 
effects of physical restoration have hardly been monitored 
at all even in schemes begun over 20 years ago, and very 
few have been monitored for more than five years (Kolwitz 
& Marsson, 1909; Bartow, 1913; Butcher & Pentelow, 1930; 
Hawkes, 1957; Hynes, 1960; Roni et al., 2008; Palmer et al., 
2009; Jahnig et al., 2010; Louhi et al, 2011).  Even the most 
recent physical restoration projects in the UK and Europe 
have little ecological monitoring associated with them, and 
of the nearly 40 000 restoration projects listed in the US very 
few have robust monitoring programmes in place, despite 
pleas for better monitoring and more hydro-geomorphic 
and ecological science, and regardless of the extensive 
published detailed scientific guidance available (Gore 1985; 
Boon et al., 2002; Downs & Kondolf, 2002; Ormerod, 2004; 
Giller, 2005; Newson & Large, 2006; Palmer et al., 2005, 
2009; Roni, 2005; Bernhardt et al., 2007; Beechie et al., 2008; 
Darby & Sear, 2008; Roni et al., 2008; Langford & Frissell, 
2009; Vaughan et al., 2009; Miller et al., 2010).
The urge to restore: the reasons
Physical restoration of rivers is a relatively recent activity 
compared with pollution control.  One reason may 
be that, unlike polluted rivers, physical modifications 
produced many advantages for the human population 
that are not closely associated in the public mind with 
the corresponding disadvantages, unlike disease, 
nuisance smells, and contamination of drinking water or 
disappearance of fisheries (Wheeler, 1979; Wohl, 1983). 
A major scientific stimulus for physical and structural 
sciences was provided in the mid-1980s by the publication 
of a book on restoration of rivers and streams by Gore 
(1985), though earlier work had laid foundations for 
more studies of physical processes (Leopold et al., 1964). 
Subsequently, descriptions and classification of physical 
river habitats and structure provided a background for 
identifying natural geomorphological features of rivers as 
building blocks for restoration (Frissell et al., 1986), although 
some habitat alteration in the form of the installation of 
fish refugia, fish passes or spawning channels in rivers 
had been carried out over many years for fishery interests 
(Towner-Coston et al., 1936; Cowx & Wellcomme, 1998). 
Wide-scale physical restoration of river channels 
appeared to begin in earnest in the UK, Europe and the 
US during the late 1990s (Ormerod, 2004; Bernhardt 
et al., 2005, 2007; Palmer et al., 2007), after a period of 
severe flooding (Pearce, 2006).  In Europe and the UK 
between 1998 and 2009, there were 213 damaging floods 
resulting in 1100 fatalities, more than 500 000 people being 
displaced, and costing over 53 billion Euros in insurance 
losses (Tilche, 2014).  The flood damage was exacerbated 
by poor political and planning decisions that resulted 
in the overdevelopment of vulnerable floodplains for 
housing and industry in the UK (Stevens et al., 2014).  The 
result was, understandably, to accelerate flood relief and 
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alleviation by the fastest and least costly means possible, 
which was simply to allow rivers to flood again over 
adjacent lands by not replacing or demolishing flood 
banks.  At about the same time, similar flooding in the 
US stimulated action (Langford & Frissell, 2009).  In 1990, 
some five years after Gore’s book, there were few projects 
listed in the US (Bernhardt et al., 2005), but by 2003 there 
were more than 37 000 river and stream restoration 
projects recorded, with an estimated cost of $7.3 billion (7.3 
x 109).  Schemes already in existence or advanced planning 
stages such as the Kissimmee restoration project in the US, 
the Danube Floodplain Restoration Scheme and the Rhine 
Action Plan all included primary objectives to reduce 
flooding, but it was the opportunities to claim ecological 
benefits that speeded the planning and acceptance of the 
schemes.  If ecological benefits can be identified, predicted 
or even suggested, they enhance the acceptability of a 
project.  In the UK the restoration schemes were and 
are mostly flood mitigation schemes funded by the 
flood-defence budget of the Environment Agency, and 
between 1999 and 2003 the number of projects in the UK 
increased by 150% (Skinner & Bruce-Burgess, 2005).  Only 
42% of the 538 schemes carried out in the UK before 2001 
involved fisheries or ecological improvements (Clarke 
et al., 2003; Langford & Frissell, 2009).  In Europe, the 
funding for the restoration of many streams was and 
still is carried out under the euphemistic acronyms of 
LIFE II and III (e.g. http://ec.europa.eu/environment/life).
After the floods of the late 1990s and early 21st century, 
the number of physical restoration projects increased 
exponentially in the UK and in Europe (Skinner & 
Bruce-Burgess, 2005) and presently, restoration projects are 
in progress in many parts of the world, mainly to mollify 
those most affected by flooding, as well as the financial 
institutions who demanded action from governments to 
reduce the risk of future problems (Pearce, 2006).  Projects 
such as the Danube Floodplain Restoration Scheme, 
though involving ecologists, was essentially started to 
protect Vienna from flooding (German Federal Agency 
of Nature Conservation Report, 2014, Bonn, Germany; 
Buise et al, 2002).  Many recent restoration proposals 
include techniques to raise water levels and slow the 
downstream flow of water, for instance allowing the river 
to flood over areas of floodplain previously protected 
by levees, installing wood-debris dams (Gurnell et 
al., 2002), raising the river bed, re-instating meanders 
and re-instating connectivity with old tributaries. 
Supposedly innovative solutions to flooding problems, 
such as projects started under the UK Government’s 
programme Making Space for Water (DEFRA, 2005), are 
mostly attempts to redress engineering and planning 
mistakes of earlier regimes, when the strategy was to 
get water from the land to the sea as quickly as possible. 
Some ecological benefits may yet be observed in the 
floodplains and rivers if monitoring is sufficiently detailed. 
For instance, the before-after-control-impact (BACI) 
approach used for monitoring pollution can be used to 
monitor the ecological recovery of physically modified 
rivers; however, even with excellent science there are few 
simple, clear and universally acceptable relationships 
between physical habitat structure and biological 
indicators, particularly community-based indicators, 
as there is with chemical pollution, thus managers and 
non-scientists have difficulty in interpreting the data and 
using them as the basis for making decisions (Fig. 2).  In rare 
cases, attempts have been made to use diversity indices 
to express relationships between physical and biological 
variables, but little effort has been made to develop this 
further on various scales.  Flood alleviation and commerce 
will continue to have higher priority than ecology, but 
where ecological improvement is used to justify the 
physical restoration of rivers, a simple measurement 
or numerical index is needed to present ecological 
information to river managers and non-scientists, alongside 
the indices already in use for the effects on water quality. 
The importance of including ecological objectives 
and potential biodiversity improvements  in scheme 
proposals is that, at least in the US and UK (with some 
exceptions for protecting tribal lands in the US and for 
endangered species), there is no legal requirement for 
projects labelled as ecological restoration to be subjected 
to formal Environmental Impact Analysis (EIA) (see 
Langford & Frissell, 2009).  This means that proponents 
of schemes and the authorities can legitimately avoid 
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monitoring and subsequent criticisms if damage is done. 
There are no penalties in the UK or US for most projects 
if the expectations or stated objectives are not met.  Many 
of the projects include dredging or channel re-alignment 
using large mechanised equipment, but the damage to 
ecosystems from these activities and the period of recovery 
have been, and still mostly are, largely unrecorded.  In the 
UK and Europe this includes any temporary or permanent 
impact on species protected by the EU Habitats Directive 
(EUHD) (European Council, 1992).  In most cases in the 
UK, funding for monitoring was not included in the early 
project plans and the local proponents were left with 
difficult decisions to accept or reject the restoration funding. 
From the distinct lack of funding for ecological 
monitoring, and hardly any published monitoring 
data (in the US the data that have been collected from 
ecological monitoring have been kept as in-house reports 
or undistributed documents), and the fact that of all the 
scientific guidance available only one project in the US 
utilised the information (Bernhardt et al., 2007; Palmer et 
al., 2007), it is not unreasonable to surmise that in several 
countries physical river restoration was, in actuality, 
a politically driven response to the severe flooding. 
The apparent anomalous attitudes of the authorities to 
ecological restoration and its monitoring compared with 
pollution are difficult to understand though sceptics clearly 
suspect the heavy influences of commerce, finance and 
political convenience (Clover, Daily Telegraph 14.10.2004, 
London; North, R, EU Policy, deliberately flooding the 
Somerset Levels.  EUReferendum.com.03/02/2014). 
Possible reasons for the lack of monitoring include:
• A lack of simple indicators of success or failure and 
the complexities of the scientific bases.
• A lack of historic data to guide practical projects and 
produce predictive models.
• A need for rapid reaction driven by politicians, 
commercial and financial institutions who feel 
something must be done quickly.  Actions would be 
slowed down by formal assessment processes, e.g. 
BACI procedures.
• A genuine acceptance by conservationists, managers 
and local communities that the field of dreams 
Fig. 2.  Relationship between numbers of taxa occurring (Ntaxa) and mean ammonia concentrations.  Data pooled from three streams in the 
UK.  Threshold 2 shows where the less tolerant tax began to colonise rapidly.  (After Langford & Frissell, 2009).
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hypothesis is a proven process whereby creating 
physical diversity in a catchment results in enhanced 
biological diversity.
• A lack of funding for monitoring from authorities 
and government, based on the prefer-not-to-know 
concept, or budgetary restrictions and priorities.
• A preference for more subjective measures of success, 
for example public attitudes (Bernhardt et al., 2007; 
Tunstall et al., 2007), or opinions of project managers 
or proponents.
It would appear, from the number of scientific papers 
published (Ormerod, 2004), that funding for research 
into hydro-geomorphology and for ecological projects 
has been good over some years; however, as we have 
seen the science, particularly ecology, is not well applied 
in project implementation, prediction or monitoring.
What to measure: a confounding 
complexity of metrics, objectives 
and techniques
Scientists involved in studying the pollution of rivers 
have made many efforts to clarify biological indices 
over a long period (Hellawell, 1986), and a clear and 
unequivocal relationship between chemical and biological 
quality in rivers has been expressed by a wide range of 
metrics using a range of organisms from viruses to fish 
as indicators over many years (Hynes, 1960; Hellawell, 
1986; Sweeting et al, 1992; Cairns, 2000).  The problem with 
physical quality is that there is no simple metric that can 
be as readily interpreted by non-scientists and engineers 
or managers without biological experience.  In fact some 
expert forensic analysis may be required for detailed 
interpretation of the data at times.  It is clear, however, 
that there are at least qualitative relationships between 
the diversity and composition of biological communities 
and the geo-morphic properties of streams and rivers on 
various scales but little effort has been made to develop, 
interpret and use these for operational use (Extence et al., 
1987; Petts & Calow 1996; Wright et al., 2000; Lepori et al. 
2005; Barnes et al., 2013).  However, assessment of success 
or failure of restoration is now made more complicated by 
the plethora of criteria used to promote and implement 
schemes.  Thus, post-restoration assessments have been 
confounded by the introduction of a variety of concepts 
such as public safety (flood protection), economic priority, 
amenity, restoration of physical processes and ecosystem 
enhancement, often used collectively as reasons for 
restoration and usually without any precise definition. 
Other concepts such as ecosystem health, ecosystem 
integrity, ecological architecture, ecosystem services, 
ecological status, stakeholder or socio-economic interests 
and the normative system (see Langford & Frissell, 2009 for 
references) have all been used as objectives for restoration 
schemes.  Effects of floodplain connectivity on biological 
diversity, the holistic view of the river and its catchment 
(Hynes, 1975; Vannote et al., 1980; Junk et al., 1989) and 
wider supra-catchment considerations such as aerial 
deposition (Howells, 1990) add further complexities to the 
evaluation of restoration schemes. 
The tendency to move restoration policy from ecolog-
ically-based objectives to objectives based more on human 
stakeholder requirements and public acceptability adds 
more difficulties in assessing success or failure, especially 
where targets are not specified for a scheme (e.g. Cairns, 
2000; Clark, 2002; Tunstall et al., 2007).  Where local 
residents pay toward a scheme (Loomis et al., 2000) it 
is hardly likely that either they or the contractors who 
carried out the project would wish to admit failure. 
Furthermore, the quality of assessment using whatever 
discipline varies considerably and analysts have noted 
that the poorer the assessment the more certain the 
opinion of managers and proponents that the scheme has 
been a success (Bernhardt et al., 2007; Palmer et al., 2007). 
The potential techniques allied to reasons for 
restoration schemes are also many and varied.  Bernhardt 
et al. (2005) listed thirteen targets and methodologies 
that the National River Restoration Science Synthesis 
(NRRSS) used for restoration projects in the US.  The 
techniques include aesthetics, recreation, education, flow 
modification, bank stabilisation, channel reconfiguration, 
dam removal, retrofitting fish passes, fish passage, 
floodplain re-connection, in-stream habitat improvement 
(i.e. modification), in-stream species management, 
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streamside land acquisition, riparian zone (river 
banks etc)  and vegetation management, storm-water 
management (quantity), water quality management 
including urban run-off and storm sewage flows, water 
quality management (water chemistry), and pollution 
control.  Surprisingly, some of the techniques such as bank 
stabilisation, which includes rip-rap and so-called soft 
engineering, are more akin to the artificial channelisation 
techniques which restoration is aimed to alleviate.
Attitudes to restoration and 
recovery
In the 1950s and 60s, at the lowest point of river water 
quality and a time when there were many fishless rivers 
(Hawkes, 1957; Hynes 1960), there was a body of opinion 
in the UK that considered the possibility that, rather than 
allowing all rivers to deteriorate into a mediocre ecological 
condition, some rivers should be permanently polluted; 
almost open sewer systems, whilst protecting the more 
pristine rivers.  This philosophy assumed that society could 
live with some grossly polluted rivers without detriment, 
and the costs of pollution control would be reduced.  In 
fact, the human populations of many urbanised and 
industrialised countries had been living with foul-smelling, 
polluted rivers for decades (Bartow, 1913; Wohl, 1983; 
Hynes, 1960; Mason, 2002).  Today, such an attitude would 
be anathema to society, conservation organisations and 
to local communities.  The concept of ecosystem-services 
clearly assumes that all the functions of a river including 
land-drainage, water-quality, water-supply, fisheries, plant 
and invertebrate communities, general environmental 
aesthetics and human health are necessary.  Clean rivers, 
with fish and wildlife, have, therefore, become a political 
and social requirement in the more developed countries. 
The winter floods of 2013–14 in the UK brought the 
structure and function of rivers to public attention with 
continuous media coverage over several months.  Although 
such floods had occurred in previous years, the duration of 
flooding and the number of buildings affected all served 
to give the floods high public and media prominence.  The 
fact that many houses and businesses were flooded – partly 
because of politically and economically driven planning 
relaxation and partly because of floodplain development 
and the cessation of dredging in some areas by successive 
governments – was exploited by media and politicians 
alike (Brooker, C. Sunday Telegraph, 9 March 2014).  Also, 
the possibility that river management was influenced by 
the EU Water Framework Directive (EUWFD) and the EU 
Habitat Directives (EUHD), prioritising the protection of 
small invertebrates and fish to the detriment of the human 
populations, attracted negative reactions to ecology and 
conservation being used as a reason for managing rivers, 
with the focus of river management shifting from ecological 
protection to human protection and reducing financial 
losses and engineering strategies for improving drainage, 
managing floodwater at upstream sites and the controlled 
removal of water from the land to the sea.  Indeed, almost 
immediately after the 2013–14 floods and as a direct result 
of the political and financial implications, dredging was 
restarted in some rivers and wetlands but no mention 
was made of ecological or geomorphological monitoring. 
In the UK, controversial restoration schemes are 
still being promoted on a local scale.  For example in 
the New Forest in southern England, local experts 
have criticised the validity of ecological enhancement 
in streams that have been restored or are scheduled 
for restoration, questioning whether it is restoration or 
just destruction (Anthony Pasmore, Lymington Times, 
September 13 2014).  Here, pre- and post-restoration 
monitoring were considered by the Forestry Commission 
(the proponents of the scheme), as not necessary under 
the existing regulations – much to the dismay of local 
communities (Lymington Times, September 20 2014). 
The devastating flooding of the Somerset Levels was 
also blamed on EU policy by a journalist who accused 
the Environment Agency, encouraged by government 
departments, of deliberately allowing the rural lands 
to flood to protect urban areas downstream (North 
, R,  EU Policy, deliberately flooding the Somerset 
Levels.  EUReferendum.com. 03/02/2014).  The hurried 
reversal of previous policies by the government and 
Environment Agency attracted local community and 
political criticism in the media.  Clover (Daily Telegraph 
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14 October 2004) considered the DEFRA (Department 
for Environment, Food and Rural Affairs) policy of 
permissive flooding or controlled retreat as merely a 
HM Treasury fix; a cheap way of doing nothing, with 
his contacts in the Environment Agency suggesting that 
the system of deciding flood risk was not fit for purpose. 
Whether the accusations and opinions of the 
local communities and journalists are accurate is 
equivocal, but it was remarkable how quickly the 
policies of not dredging were reversed by political 
pressures and dredging equipment regarded by the 
authorities as redundant was re-instated, with no 
allowances being made for potential ecological damage 
caused by the dredging or for monitoring the effects. 
With hindsight, it seems clear that the general 
ecological reasons for geomorphic restoration 
were probably unrealistic and mostly never valid 
(Bernhardt  et al., 2007; Roni et al. 2008; Langford & 
Frissell, 2009; Palmer et al., 2009; Jahnig et al., 2010).
What future for river restoration 
ecology?
Research has shown that over the past 125 years the 
increase in serious flooding in the UK is a result of 
population expansion and urban expansion (Stevens et 
al., 2014), not simply because of poor river engineering 
or climate change.  For example over 80% of the Thames 
floodplain has been developed, leaving more than 45 000 
properties at risk from flooding.  This important conclusion 
may stimulate a major re-appraisal and huge increase in 
engineering and drainage work and put ecology further 
down the list of priorities, regardless of legislation and 
the restrictions of the EU Habitats Directive.  Thus the 
re-engineering of rivers, ostensibly to alleviate flooding 
in sensitive areas such as the lower Thames floodplain 
and Somerset Levels in the UK and in vulnerable areas in 
other countries, is bound to continue and possibly increase 
to appease local communities affected and the large 
multi-national financial institutions. 
Ecological enhancement or biodiversity will still be 
used as one facet of many schemes; however, the future 
role of ecology as a primary reason for physical restoration 
may need to be re-assessed and given new, perhaps lower, 
priority.  Future funding will mostly be directed at the 
engineering, permissive flooding and physical state rather 
than ecological monitoring.  In sensitive rivers and streams, 
proponents of schemes may still need to take the opinions 
of anglers and wildlife organisations into account; though 
many of these groups appear to have accepted that physical 
modification leads to ecological enhancement, even though 
there is a distinct lack of scientific evidence to support 
this.  In fact there is a large body of evidence showing 
that physical restoration has not enhanced ecosystems. 
As ecologists, we believe it is important that 
ecological surveys are a component of all schemes, 
and that more effort is made to link the physical and 
ecological aspects of restoration for better predicting 
potential changes.  It is also necessary to develop better 
and clearer indicators of physical degradation and 
improvement with the use of simple diversity indices 
that can be developed at least for the smaller streams 
and catchments (Fig. 3).  Data from established systems 
such as SERCON (System for Evaluating Rivers for 
Conservation) (Boon et al., 2002) and River Habitat 
Survey (Raven et al., 1997) may be simplified to provide 
numerical indices for physical habitat quality, with current 
biological diversity indices being tested against them.
As to water quality and ecology, chemical and 
biological monitoring will continue, though because the 
perception is that problems are resolved and funding is 
limited it will be less concentrated or less frequent in some 
countries such as the UK.  In regions such as south-east 
England, water quality may be vulnerable to decline 
again, probably because of the infrastructure not keeping 
pace with the population and development.  There will 
be continued concentration on some specific aspects such 
as diffuse pollution from agricultural and urban run-off, 
and Sustainable Urban Drainage Systems (SUDS) will 
need to be increased and improved in all urban areas. 
While the physical restoration of streams for aesthetic 
reasons continues, the in-stream animal and plant life need 
good water quality as well as substrate diversity to become 
established (Amisah & Cowx, 2000; Beavan et al., 2001). 
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Significantly, though pre-restoration monitoring is still 
limited, some of the most recent river restoration projects 
in the UK have included post-restoration monitoring 
with components such as education and community 
involvement plus participation by local and national 
wildlife groups.  While the use of citizen science and the 
training of interested individuals in biological survey 
projects and species identifications are admirable, it will 
not replace good, objective science as the background 
to both chemical and physical restoration of rivers. 
It is clear that river restoration is an issue for entire 
communities and will become more so as stakeholders 
protect their physical and intellectual territories. 
For the long-term future, the political, commercial and 
socio-economic aspects of river pollution and restoration 
will become important to the newly industrialised and 
developing countries.  In the UK, river improvement has 
been shown to be strongly related to regional economies 
in the form of Gross Domestic Product (Fig. 4), and models 
relating such factors may help future planning.  During 
the 1980s, at a time when unemployment was higher 
than in the previous 10 years, there were indications of an 
increase in chemical and biological improvements in some 
UK rivers.  Other countries may need to be aware of the 
economic implications of stringent environmental controls.
China, India and some South American countries 
are currently suffering severe problems with both water 
and air pollution from industries that relocated from the 
UK, Europe and the US, and as these economies evolve 
(Deng et al., 2008) and people become more affluent 
they will demand a cleaner environment, as in the older 
industrialised countries during the 1960s.  In countries 
such as China, new laws and costly restrictions caused 
by political and social pressures, plus an increasingly 
expensive workforce, may force industries that cause major 
pollution, for example, iron and steel, coal mining and 
chemicals manufacture, to re-locate again.  The obvious 
region ripe for industrial exploitation is Africa, in which 
China already has considerable interests (Power, 2008).
In such vast continents, problems arise with 
trans-boundary pollution similar to the large European 
rivers.  Presently, most of the rivers in China are 
impounded, mainly for hydro-electricity generation, 
and problems such as pollution and the release of 
vast quantities of water from dams have already 
caused physical damage and created political tensions 
Fig. 3.  Least squares regression of Shannon-Weiner indices for habitat diversity and fish diversity in lowland streams in the New Forest, 
southern England.  Habitat diversity was calculated from a minimum of 25 point-contact measurements in the streams recording depth 
and substrate at each point (Langford, unpublished data).
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downstream.  As far as pollution is concerned, China 
has repeated all the environmental mistakes of other 
industrialised countries, mistakes that will migrate to Africa 
or some other region unless major technological and social 
changes are instituted.  The hope is that the geo-morphic 
research and ecological survey work already undertaken 
in countries like the UK will be used to prevent long-term 
problems in future developing countries.  However, it is 
safe to assume that in the short-term the old adage ‘those 
who ignore history are condemned to repeat it’ will apply.
In conclusion
It seems clear from reading even part of the wide range 
of documentation available, that river improvements 
have evolved over the past 40 years, from the domain 
of scientists and regulatory agencies to the realm of a 
maelstrom of interested parties (stakeholders), all of whom 
have individual and sometimes conflicting interests. 
These include four main groups, namely scientists, scheme 
proponents, contractors and recipients or beneficiaries. 
Given the clear evidence that, as yet, a relationship 
of hydro-geomorphological restoration to ecosystem 
restoration cannot be readily quantified it is difficult to see 
why there is a continuation of restoration schemes, still 
purporting to be partly aimed at ecosystem restoration. 
The fact that criteria have now been made much more 
complex confirms that ecosystem restoration has become 
just one component – probably a minor one in many 
cases – of most schemes.  It seems clear now, that the 
whole concept of river restoration was always driven 
by socio-political, commercial and economic demands 
focusing, understandably, on flood control. 
The excellent science produced by various disciplines 
is used by the proponents to devise schemes and promote 
them to recipients, particularly with ecological benefits, 
and is a useful tool for politicians and engineers to devise 
schemes, promote them to recipients and get them through 
any potential opposition by the politically powerful 
conservation and angling lobbies.  The employment 
of scientists as advisors and some large-scale funding 
ensures credibility for physical restoration sometimes 
supported by ecologists, but the proponents, usually 
government agencies, politicians and commercial and 
financial institutions, determine the implementation of 
schemes based on commercial and political needs rather 
Fig. 4.  Relationship between average annual ammonia concentrations (as N) in the River Tame at Chetwynd Bridge and the annual 
Regional Gross Domestic Product of the West Midlands, England, expressed as a percentage of the UK GDP for that year (after Langford 
et al., 2010).
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than science, and many were a foregone conclusion 
despite opposition from some groups.  The formation 
of specialist groups such as the UK and the European 
River Restoration Centres give credence to projects and 
produce guidelines for successful restoration schemes, 
though there is little emphasis on pre- and post-project 
monitoring, particularly ecological monitoring. 
Agencies look for restoration schemes that are rapid 
and cheap, e.g. controlled inundation, politicians look for 
appeasement of their constituents, and the large financial 
corporations look to reduce fiscal losses by reducing 
flooding.  Contractors work to instructions and are keen 
to see schemes accepted.  Recipients and beneficiaries look 
for schemes that will reduce flooding or nuisances in their 
regions, while still being able to enjoy benefits of improved 
fishing or urban greenways, and are quick to complain 
if schemes are unappealing.  Long-term monitoring for 
success or failure seems not to be an option for the most part 
and it is doubtful whether in their search for new prosperity 
countries ripe for industrial development will take heed of 
the problems of environmental degradation experienced 
by the West, China and India over the last 100 years. 
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